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Introduction: science is an art

(Hey, kid, I have amazing powers)

( I bet.)
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Some people think that science is test
tubes, lab coats, smelly chemicals, or
microscopes,

Science might use some of this equip-
ment. But that's not science,

Science is a way of thinking about the
world around you. It’s a way of finding
out what you don’t know by figuring out
what you do know. It's a way of getting
answers to questions. Some people call
it a method: the scientific method.

In the old days—before science—
people got answers to their questions in
other ways. They asked an expert. Or
they checked in a book. Or they be-
lieved in magic.

Oh boy, nere
weé 90
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A neat thing about science is that you
don’t need experts, books, or magical
hocus-pocus to get answers.

Mostly what you need is a question
and enough curiosity to find an answer.

Once you have a guestion, the next
step in the scientific method is to make
a guess about why the thing in question
happens. A scientist calls this guess a
hypothesis (hi poth a sis).

Next you, the scientist, need to test
the guess. You think up an experiment
that will tell you if the hypothesis is

correct or not.
Wanna see some
magic?

Inmy soda pop?)

YoU CAN PO THIS EXPERIMENT WITHAGLASS
OF LIGHT-COLORED 50PA AND A FEW RAISIVS.
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While this experiment is being done,
you watch and study what happens.

The next thing to do is to make up a
theory that explains the resuits of the
experiment, It should explain what is
actually happening, which is not al-
ways what you hoped would happen.
The theory may be the same as your
original hypothesis, or it may be com-
pletely different. What's important is
that it gets you farther along in an-
swering your question.

How It Got to Be Science

In the old days the search for knowl-
edge used to be one big subject called
philosophy (fill lahss a fee). Philoso-
phy is a Greek word that comes from
philos, which means loved, and sophia,
which means wisdom. A philosopher
was & person who loved wisdom.

Q}pﬁ, RAISING),
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(Maybe he 15 magic.

70T T RATSING 1N THE BOTTOM 0F G —
THE 6LASS AND POUR IN THE 50DA.
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Later, philosophers divided them-

selves Into two groups. There were

philosophers who studied the nature of
things. They were called natural phi-
losophers. There were philosophers
who studied the nature of the human
soul. These were called moral philoso-
phers. The general feeling was that the
better class of philosophers looked into
questions of the human soul, while the
study of stars, insects, and forces were
considered slightly second rate. This
attitude stuck around for guite a few
centuries. Natural philosophers finally
got smart and realized this kind of atti-
tude wasn’t getting them anywhere. So
they changed their name to scientists.

Got any more soda pop,
Kid? The Wiz is

The word gcience comes from an old
Latin word, scientie, which means
knowledge. Since about 1700, scientists
have heen hard at work probing the
secrets of the universe. They seem to
be having more success than the moral
philosophers, if you go by the numbers.
Nowadays there are many more scien-
tists than philogphers. Some scientists
still think of themselves as natural phi-
losophers, although most of them call
themselves scientists.

Most likely they also call themselves
some kind of ‘“'ists,” like physicists,
botanists, chemists, or biologists, to
name a few. “Ist'' is a word ending that
means one who specializes in some-
thing. The nature of science is proving
to be 80 complicated (and fascinating)
that its study is being divided up into
smaller and smaller bits. It's sort of
the ‘‘divide and conquer’’ approach.

Hey! This isn't maq:c
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causmg t+he
Fa15ins To

1. HYPOTHESIZE (MAKE ATHEORY) ABOUT WHATS HAPPEN ING.




Imagination

The projects in this beok use a lot of
different materials and supplies. We
have tried to keep the equipment sim-
ple. Most of the projects require every-
day things that you can find around the
house. But sometimes, you won’t have
everything on the list.

How can you be a great scientist
when you haven't got the right equip-
ment? Don't panic.

It's been nice,
kid, bvt I

Here comes the
famovs Wizard-

disappearin
act... 7 %

We could testmy
Theory by putting
raisins intlat soda
with no bubbles.

Use your imagination. Put it to work.
Find a substitute for that missing part.
For instance, suppose you have every-
thing ready to go for the project except
for a paperclip. You could substitute
wire, a twist tie, or a piece of tape in-
stead. Scientists do that. They some-
times joke about their laboratories be-
ing held together with chewing gum
and library glue.

Substitution won't work every time,
Chemicals in the formulas aren’t easi-
ly substituted. But a substitute will
work a lot of the time. So when you're
stuck, imagine. And remember, even if
you had the world's fanciest equip-
ment, the best artists and scientists
would tell you that there’s no substitute
for imagination.

2. EYPERIMENT TO TEST YOUR HYPOTHESIS.




Science, Not to Be Trusted

You've seen the movies. You know
what scientists are like. Some guy
(they are always men in the movies)
with thick glasses is fooling around in
his labh. Sometimes he’s a head-up-in.
the-clouds scientist who is experiment-
ing with something unfortunate, such
as man-eating plants or radiation.
More often, he's a power-crazed mani-
ac who is tampering with the secret of
life in order to control the world. Or his
friends are evil guys wanting to rule
the world. His experiments go wrong
and create some runaway evil beast

I think I'm
late for an

RAISINS IN
BUBBLING

SOPA YO0 —>

that can’t be stopped—until the last
five minutes of the film.

When people think of scientists they
often think of those guys in the movies,
They get nervous., Good grief, now
what? they wonder. More atom
bombs? More polsons? More mon-
sters? They forget the beneficial dis-
coveries made by scientists, such as
computers that fit in your pocket, arti-
ficial hearts, and freeze-dried food.

Now lets see
what happens...
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3. 0BSERVE THE RESULTS OF THE EXPERIMEMT.




The Answers

In this book, deon't skip the questions.
Try one or two on for size. Of course,
most science books ask questions —
usually a lot of them, all ganged up at
the end of a chapter, waiting in am-
bush. They are often the simple type,
like *“Who is buried in Grant’'s Tomb?"’
Obvious. Or a question like ‘‘Prove
the theory of relativity with a match
book and a bowling ball.”” Impossible.

The last thing you need is a lot of
questions like those. Not that this book
doesn’t ask questions. But in addition
to questions it also gives you answers,

AMOMENT
LATER:

The kid's not
as duvmb as Y
ne 100ks.
//
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in a section at the back. Now don't head
there without a little bit of a struggle to
answer guestions on your own. Strug-
gle will build up your brain and make it
tougher —struggling is sort of like men-
tal pushups.

The questions are ones you should be
able to answer. They are meant to get
you thinking about the way things work
or to nudge you into putting together
your own ideas into theories. Remem-
ber, having a question is the only way
you can ever get to an answer. And for
scientists, getting there is at least half
the fumn.

You taker, that wasn't magic.
It was a trick. Without gas
bubbles raisins are 45 dead

as doornails.

4 CONCLUSION: poES THE EXPERIMENT PROVE
THE THEORY? IF NOT, ANEW EXPERIMENT OR
MAYBE A NEW THEDRY IS NELESSARY.
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Exploding Colors
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Creeping Colors

They may look like ordinary felt tip
markers, but some pens can explode
into many colors. Not every color, just
some. Half of the fun is trying to pre-
dict which colors.

The inks in marking pens are often
combinations of several basic colored
dyes. They are mixed together to make
other colors.

Here is a method for testing whether
or not your pens will explode into other
colors and reveal their true identities.

You Will Need

absorbent paper, such as coffee filters,
newsprint, or paper towels (the
heavy-duty, commercial kind works
best)

water-soluble colored markers

a glass

water

1. Cut the paper into 1-inch strips.

2. Fold a strip so that it touches the
bottom of the glass and hangs over the
edge.

3. Remove the paper and mark a
crosswise stripe of color 2 inches from
the bottom end.

4. Set the strip in a glass that has an
inch of water in the bottom.iThe stripe
will sit an inch above the water.

5. Watch the water as it crawls up the
strip, and see if the color will break
apart. If you're impatient, you might
set up another test strip while you're
waiting.

CHROMATOGRAPHY

Mark the
v pel'.

Wow ! A color
explosion f




KEEP TRALK OF yoUR
PREDICTIONS :

6. Before you test each color, be sci-
entific and make a prediction about
what colors will appear and crawl up
the strip.

Base your guesses on your knowl-
edge of which colors you need to mix to
get other colors. Which color do you
think contains the most other colors?
Do you think you will find colors that
refuse to explode?

Actuaily, the
eX I'odg 'm Y

Colorful History

Chromatography means color writ-
ing. The way substances crawl through
paper, and the color patterns that re-
sult when they separate can be very
useful to a scientist, Chromatography
18 a way that a chemist can test a liguid
mixture, such as a drug or a dye, to
find out what substances are in the
mixture. The creepy pattern of colors
left on the paper reveals this. The sci-
ence of chromatography was invented
in 1903 by a Russian botanist (plant
geientist) named M.S. Tswett. He was
studying the coloring materials that
occur in plant life.

Chromatography:
The Principle of the Thing

The colors of inks and dyes are mole-
cules of coloring substances that are
dissolved in a liquid base. When you
write, the liquid part dries and leaves
just the color behind. Some inks are a
combination of cecloring substances.
These colors can be taken apart by
adding either alcohol or waler.

When the liquid in your experiment
creeps up a test strip, it contacts the
dried color. When it touches, it loosens
up (dissolves) the coloring molecules
in the ink and carries them up the strip.
Different colors get carried along fast-
er and farther than others, because
some color molecules are bigger and
heavier than others.



Wet and Wild Colors

Can you imagine painting with a felt
marker? It’s not impossible, that is, if
you know that pen inks will break apart
into liquids again. Here is a way to get
heavy-duty, deep dark lines and light
colors all from the same felt marker.
Meanwhile you can also test the pens
for two kinds of solubility.

You Will Need

markers and ink pens, as many as you
can ftind

rubbing alcohol, from the drugstore

water

-glasses

two brushes

paper or absorbent towels (watercolor
paper works best)

1. Draw a line on a sheet of paper.
Touch it at one end with a brush dipped
in aleohol.

2. Touch it at the other end with a

brush dipped in water.

The line will break apart and dis-
solve in one fluid or the other. If it is
water, we describe it as water soluble.
If it is aleohol, it is alcohol soluble.

To make a wet and wild artwork do
the following:

1. Test all your pens to see what
kinds of special effects you get with the
solvents.

2. Draw something and go back and
color it with the solvent brush.

WET AND WILD CoLORS

Test which
solvent
Works.

variovs
markeérs

alcohol

If the‘lime
begins to dis-
s0lve, you Know
Yov have the
right solvent.

Make a
drawing
with marker

wafch the
color spread.-




WET AND WILD EFFECTS

Dvdw some [vmps

and puwps, Faint

them withsolvent.

Luimps get sott

and tvzzy., »
I g (9]

Toych up the outline
when It dries.

wWet lines +o

get afurry
cﬁ‘ea‘r

WATER EFFEc[g

Wet lines Draw on wet paper
tor / for vnder water
rain. / effects.

vissolve nes £or 4
sky tone,

Dors for
I’IPS
SHADO ECTS " _
APOW EFF —] “\ Nignt
Add solvent time
benind to effects

make shad-
OWS.

shado w
alpha bet,

Shadow eyes
(top or bottom.

This is a really fun way to draw. You
can get all sorts of interesting effects
by letting two colors run together or by
erasing part of a line (some inks will

19

completely dissclve). Or by using a
combination of two inks and only one
solvent. Or by letting just part of your
art go to pieces. Experiment with it.




Rainbow Pies

Creeping colors! It's rainhow pies.
You can make beautiful colored de-
signs by letting water do the work. All
you need to do is a little planning. The
absorbing action of water through the
paper will spread, separate, and mix
marker colors into round rainbow art.

You Will Need

round filter paper (circular coffee fil-
ters from the grocery store)

water soluble markers, food color, or

" 1. Fold the filter paper into quarters.

2. Draw or drop a design on the pa-
per.

3. Put the foldea point into the water.
4. Wait while the water goes to work.

This will take a couple of hours.

While you’re waiting here are some
questions to think over:

Does time make any difference in the
design you get? Can you create a green
design without a green marker? Does

dyes the order of how you color the paper
water change the design results?
RAINBOW FIES variations: _
ut THe Lolor
‘;ﬁgém vKer °8° ot in yaridvs
(difterent ways:
colors)
£ Foldthe fiter
in half. |
_ Draw desighs.
> mdo“L Let the wafer crawl up a strip.
quarTers.

Dip the tip
Into warter.

Open 1t
ugﬁ{wa
LOUpIe
of Hovrs.




PUZZLING PIES  After you have made some rambow pies,
see 1Y you can make some pies that look like these. Yoy

will find +he answers

inThe Back of
the Bopk .
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Criminal Writing

The FBI uses chromatography as a
tool to catch forgers. By testing an ink
sample they can identify exactly what
kind of pen the ink came from. This
test works because every ink breaks
apart differently. The bands of ex-
ploded color are almost as unique as a
fingerprint. This pattern can help iden-
tify a pen — a handy thing to know when
catching forgers. “

Amaze your friends by identifying
the criminal pen. Tell some friends
that you are an expert in forgery and
that you know all there is to know about
pens and inks. Tell them you can prove
it. Then show them how.

You Will Need

a handful of different black ballpoint
pens

paper

filter paper

alcohol or water

a friend

1. Give your friend the pens.

2. Without your knowing, let your
friend choose one and have him write
on a slip of newsprint paper with the
chosen pen.

3. Take the written sample and all
the pens. Tell your friend you’'re going
off to the crime lab to run some tests,

4. Test samples of all the inks, each
on a different paper strip. Use the




chromatography method explained on
page 16, Take care to mark your pens
and the samples, so you know which is
which.

5. Make a test of the sample written
by your friend.

6. Match each of the exploded sam-
ples of ink to the original sample of
writing. The colors will break up in a
characteristic way. This will make it
easy to match the ink of the criminal
pen with the written sample.

When you have identified the pen,
announce that you have the criminal
pen in custody. Put your finger on the

one that did the writing. Your friend
will be amazed.

Criminologists

Criminology is a science that studies
crime. It is a combination of biology,
chemistry, physics, and bits of other
sciences. A criminologist takes a scien-
tific approach to unraveling the evi.
dence in a crime, and tries to recon-
struct events. He or she helps police to
find out what happened and who is
responsible for a crime.

[Pick ore, then wnte
ovrname.

Wrte on ab-
sprbent N"';??E?.

paper.

Mark the

test 5tv yzs
with €ach
pen.

Nymber.
AN ATID ™
tor identiticat)

TEST THE SAMPLES.

solvents: -

aleohol — &

and

water
Match the
exploded
SAMples.
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